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Abstract 
Three ligands, namely 4-nitrobenzaldehyde-[N(4)-methyl, N(4)-phenyl thiosemicarbazone] (HL1), fluoren-9-
one-[N(4)-(4-methylpiperidinyl)thiosemicarbazone] (HL2), and 4’-hydroxyacetophenone-[N(4)-(4-
methylpiperidinyl)thiosemicarbazone] (HL3) as well as three corresponding Pt(II) complexes ([Pt(Li)2](i = 





and HSQC illustrated that HL1, HL2, HL3 were bidentate ligands and bound to the metal through the imine 
nitrogen and the net negatively charged sulfur in thiol form. Furthermore, it was demonstrated that the chelating 
ligands in the Pt(II) complexes were in the trans configuration.  




Thiosemicarbazone (TSC) ligands are a large 
group of thiourea derivatives which have attracted 
much interest due to their antiviral, antimalarial, 
antifungal, antimicrobial, and antitumor activities [1-
11]. In solution state, they can undergo 
tautomerization to thiol form as depicted in Scheme 
1 [4-11].  
 
Scheme 1: The tautomerization of TSC in solution 
 
The conjugated N-N-S tridentate ligand system 
of TSCs plays an essential role for anticancer 
activity, as they are reliable to function as 
prospective inhibitors of ribonucleotide reductase 
activity [2, 12, 13]. For the reason that TSCs can 
chelate with trace metals in biological systems, 
transition metal complexes with N(4)-
thiosemicarbazone ligands have also attracted many 
studies in anticancer therapy as complementary 
complexes to those of the well known cisplatin, 
carboplatin, and oxaliplatin [4-13]. However, among 
the numerous d-metal complexes investigated, only 
platinum and palladium-based complexes have 
entered clinical trials due to their useful biological 
potentials [13]. The anticancer properties of several 
N(4)-phenyl, N(4)-piperidinyl, or N(4)-cyclohexyl 
thiosemicarbazone ligands and their corresponding 
platinum complexes were considerably more 
effective than other derivatives as well as cisplatin 
as a result of the N(4)-bulky substituents that 
influences their lipophilicity [4-12, 14, 15].  
In this paper, we describe the preparation and 
characterization of three TSC ligand derivatives, 
namely 4-nitrobenzaldehyde-[N(4)-methyl, N(4)-
phenyl thiosemicarbazone] (HL1), Fluoren-9-one-
[N(4)-(4-methylpiperidinyl) thiosemicarbazone] 
(HL2) and 4’-hydroxy acetophenone-[N(4)-(4-
methylpiperidinyl)thiosemicarbazone] (HL3), along 







[Pt(L3)2] (Figure 1). The characterization of these 
ligands and complexes was determined by FTIR, 






C-NMR, COSY, and HSQC.
  
 






Carbon disulfide, ammonia solution (25%), 
glacial acetic acid, ethanol (99% purity), platinum 
wire, nitric acid (63% v/v solution), hydrochloric 
acid (36% v/v solution), sulfuric acid (98% solution), 
hydrazine sulfate, 1,4-dioxane, N,N-
dimethylformamide (DMF), acetone, diethyl ether, 
potassium chloride, and vaseline were acquired from 
Guangdong Guanghua Sci-Tech Company, China. 
N-methylaniline (98% purity) and sodium 
chloroacetate (98% purity) were purchased from 
Fluka. Fluoren-9-one (99% purity), 4-
methylpiperidine (98% purity), 4-nitrobenzaldehyde 
(98% purity), 4’-hydroxyacetophenone (98% 
purity), hydrazine hydrate (50-60% purity) were 
obtained from Merck.  
Fourier Transform Infrared (FT-IR) analysis 
(Shimadzu FT-IR-8400S) was operated in the range 
of 4000-450 cm
−1 using compressed KBr pellets. 
Ultraviolet-visible light absorbance measurements 
were performed by using a Perkin-Elmer Lambda 25 
UV-Vis Spectrometer in the range of 200-700 nm in 
absolute ethanol. A Gallenkamp MPD-350 was used 
to determine melting point temperatures. Nuclear 
magnetic resonance (NMR) spectra  were recorded 
by using a Bruker 500 MHz (in d6-
dimethylsulfoxide, DMSO-d6) and high-resolution 
mass spectrometry positive spectra obtained from 
a Varian 910 MS. 
 
2.2. Synthesis of ligands 
 
General preparations of TSC ligand derivatives 




Scheme 2: The synthesis of N(4)-substituted thiosemicarbazones 
 
2.2.1. Preparation of HL 
 
The mixture consisting of N-methylaniline or 4-
methylpiperdine (0.2 mol) and carbon disulfide (0.2 
mol) was treated in 25% NH3 in the range of 0-10 °C 
for 2 h. The filtered yellow precipitate was dissolved 
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entirely in water, followed by treatment with a 
saturated solution of ClCH2COONa (0.2 mol) at 
room temperature for 5 - 6 h. After standing 
overnight, the yellowish solution was acidified by 
concentrated HCl. The obtained white solid carboxyl 
N-alkyl dithiocarbamate (CDTM) was filtered and 
recrystallized from ethanol. In the next step, the 
solution of CDTM (0.1 mol) and N2H4H2O (0.3 
mol) in 10 mL water was heated in the rings of a 
steam bath in the range of 80-90 °C. When the white 
N-alkyl thiosemicarbazide (TZ) was separated, 
heating was continued for an additional 20 min. TZ 
(0.01 mol) was re-crystallized from ethanol (or hot 
water) and then it was experienced with the 
condensable stage with 4-nitrobenzaldehyde (or 4’-
hydroxybenzaldehyde; fluoren-9-one) (0.01 mol) in 
ethanol/glacial acetic acid prior to filtration and re-
crystallization. 
 
2.3. Synthesis of complexes 
 
The general preparation of Pt(II) complexes is 
depicted in scheme 3. 
 
 
Scheme 3: The synthesis of complexes with the general form, [Pt(L)2] 
 
2.3.1. Preparation of K2[PtCl4] 
 
Platinum wire (0.05 mol) was shredded and 
then dissolved in concentrated HNO3:HCl (1:4.5 
molar proportion) with slight heating. The removal 
of excess amount of HNO3 (and then HCl) occurred 
by adding HCl solution (and then water) with 
heating, followed by a reduction in the volume of 
orange solution containing H2[PtCl6] to 25 mL. 
After addition of a saturated KCl solution to the 
H2[PtCl6] solution, yellow powder (K2[PtCl6]) was 
precipitated. This solid was filtered and washed by 
water and acetone. In the next step, hot N2H4H2SO4 
(0.01 mol) solution was slowly dropped into 100 mL 
water containing 0.02 mol of K2[PtCl6] at 80 °C to 
obtain red solution K2[PtCl4]. After concentrating 
this solution, red crystals of K2[PtCl4] were 
separated and then filtered and washed by cool water 
and ethanol (yield: 81%). 
 
2.3.2. Preparation of [Pt(L)2] 
 
A solution of K2[PtCl4] (0.24 mmol) and water 
(10 mL) was slowly dropped into a solution of HL 
(0.48 mmol) dissolved in ethanol (20 mL) at 40 °C. 
After stirring rigorously for 3-4 h, a solid was 
precipitated and then filtered and washed by ethanol 
and diethyl ether.  
 
2.4. Mass analysis of platinum 
 
The percentage of Pt weigh was determined by 
the approach based on [16]. 
 
3. RESULTS AND DISCUSSION 
 
3.1. HRMS and FT-IR analyses 
 
In HRMS, the spectra of [Pt(L)2] exhibited the 
isotopes of Pt (
194
Pt, 32.90 %; 
195





Pt, 7.21 %) and S (
32





S, 4.20 %) and C (
12
C, 98.90 %; 
13
C, 1.1 
%), which contributed to the emergence of many 
subspectra around the parent molecular ion peak. 
The satisfactory match of predicted molecular mass 
and m/z of molecular ions in HRMS as well as that 
of predicted and practical %m(Pt) in mass analysis 
(Table 1) proved all of prepared bis-
thiosemicarbazone complexes were monomeric 
structures. 
To determine the coordination mode of the TSC 
ligands with platinum(II), FT-IR data of ligands 
were compared to those of corresponding complexes 
as shown in Table 2. 
While the stretching vibration of S-H at 2570 cm
-
1
 was absent in the IR spectra of the ligands, that of 
C=S at a range of 1400-850 cm
-1
 was observed. This 
indicated that the TSC ligands existed in thioketone 
form in the solid state. In the IR spectra of the 
complexes, the absence of the stretching vibrations 
for N-H, lower shifts in the wavenumbers of  C=N 
and C=S, and an enormous increase in that of N-N 
illustrated that the tautomerisation taking place led 
to thiol form in solution. Simultaneously, the 
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vibration of S-H was not observed in the Pt(II) 
complexes IR spectra, which involved the 
deprotonation that the thiol form experienced prior 
to coordination (Scheme 4) [4-11, 13, 17]. 
The significant absence of vibrations in the IR 
spectrum of [Pt(L2)2] provided evidence for its most 
symmetric structure (figure 2). The square planar 
[Pt(L2)2] has the identity E and a C2 axis 
perpendicular to σh plane through the average planes 
of two 4-methylpiperidine moieties, which was 
sufficient enough to adopt a overall symmetry point 
group of C2h. Meanwhile, the vibrations of the 
functional groups present in HL1 and HL3 
molecules presented fully in IR spectra of [Pt(L1)2] 
and [Pt(L3)2].  
 










HL1 C15H14N4SO2 315 314 - - 
[Pt(L1)2] PtC30H26N8S2O4 822 821 23.75 24.00 
HL2 C20H21N3S 336 335 - - 
[Pt(L2)2] PtC40H40N6S2 864 863 22.60 22.73 
HL3 C15H21N3SO 292 291 - - 
















                                         a                                                                                 b 
Figure 2: IR spectra of (a) HL2 and (b) [Pt(L2)2] 
 
Table 2: Relevant FT-IR data of ligands and complexes (all values are quoted in wavenumbers, cm
-1
) 
Compound ν(O-H) ν(N-H) ν(C=C(Ar)); δ(N-H); ν(-CSNH-) ν(C=N) ν(C=S) ν(N-N) 














[Pt(L2)2] - - - - - 1125 
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Scheme 4: The coordination mode of thiosemicarbazones 
 
3.3. UV-Vis and NMR analyses 
UV-Vis data, provided in table 3, demonstrated 
additional evidence for the coordination of the TSC 
ligands with Pt(II). According to the UV-Vis 
spectrum of K2[PtCl4] [19], apart from a band at 216 
nm (molar absorption coefficient ε = 10000 M-1·cm-1 
– logε = 4 M-1·cm-1) assigned to the charge transfer 
from chloride ion to Pt(II), three absorption bands at 
330 nm, 400 nm, and 425 nm with logε < 2 M-1·cm-1 
were assigned to d-d transitions. However, in terms 
of ligands and complexes, the first band at 200 < λ < 
210 nm appeared due to ethanol as a solvent. Other 
adsorption bands in the range of 230-450 nm with 
3.8 < log ε < 4.6 M-1·cm-1, were due to ππ* and 
nπ* transition of the thiosemicarbazone ligand. 
The band at 330-429 nm was ascribed to nπ* 
transition of azomethine C=N(1) and thioamide 
N(2)=CS, which noticeably shifted upon 
complexation with Pt(II) as a result of the newly 
extended conjugated system. These results clearly 
demonstrate the chelation of azomethine nitrogen 
and CS sulfur to Pt(II) [4-11, 13, 19-21]. 
  
Table 3: Relevant UV-vis data of ligands and complexes 
Compounds ππ* (λ/logε) nπ* (λ/logε)  d-d transition (λ/logε) 
HL1 255/4.54; 300
s
 382/4.24 - 
[Pt(L1)2] 255/4.38; 295
s
 397/4.40 overlapped 
HL2 246/4.50; 280
s
 430/4.02 - 
[Pt(L2)2] 246/4.40; 290
s
 429/3.81 overlapped 
HL3 264/4.33 329/4.76 - 





Our attention then turned to determining the 
configuration of the free ligands, their coordinated 
forms, and the conformation of 4-methylpiperidine 
moiety by NMR analysis. The protons and carbons 
were numbered according to figure 1. 4-methyl-




Scheme 5: Equilibrium of two conformations of  
4-methylpiperidine 
 
The chemical shifts and characteristics of the 
observed proton and carbon signals are tabulated in 
table 4. In 
13
C-NMR, the relaxation of 4-ordered 
carbon atom (C=S) required more time than others, 
which led to its signal absence after many scans 
during the investigation. The E configuration of 
HL1 (around HC=N) was determined by the 
appearance of H9 (8.05 ppm) whereas the Z 
configuration arose δ H9 > 8.12 ppm [21]. The 4-
methylpiperidine moiety had the fixed conformation 
(I) because their characteristics of proton and carbon 
signals matched well to those observed from [19]. 
Apart from proton-proton coupling, 
195
Pt can 
couple to protons in certain positions. The satellite 
surrounding proton H9 ([Pt(L1)2]) was due to the 
interaction between 
195
Pt and protons whose relative 
distances were the lengths of 3 bonds (Pt-N-C-H) 
[18]. On the contrary, no satellites were observed in 
H9 (HL1). In [Pt(L3)2], in spite of H15-C-C-N-Pt, 
the satellite of H15 was also observed. This is most 
likely due to 
195
Pt-H15 (methyl) spacing interaction, 
an additional evidence for the Z conformation of 
HL3 (figure 3). It is noted that the signal of H15 
(HL3) appeared as a singlet in 
1
H-NMR. Because of 
less solubility of [Pt(L2)2] in d
6
-DMSO, the noise 
overlapped this specific signal, which resulted in 
loss of these peaks. 
Although two ligands bound to platinum in each 
of the complexes studied, the number of proton 
signals in the 
1
H-NMR spectra was found to be half 
the total number of protons. Furthermore, small 
differences in the proton shifts of the ligand and 
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complex spectra were recorded. Thus, three target 
complexes were in trans-configuration because “cis-
configuration was not favored due to its steric 
hindrance from two ligands around the central metal 
atom” [17]. These slight differences afforded the 
small deviation from planarity typically observed in 

















Chemical shift (ppm) 
Figure 3: 
1




H-NMR data of ligands and complexes 
H 
The chemical shift (ppm), coupling constant J (Hz) 
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1.66 (2H, d) 
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J = 7.0 
0.94 (3H,d) 
J = 6.5 
0.92 (3H,d) 
J  = 6.5 
0.92 (3H,d) 
J = 6.5 
5 
7.29 (1H,t) 
Jortho = 6.5 
7.30 (1H,t) 






Jaa = 12.5 
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Jaa = 10.0 
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 (2H, q-d) 
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Jaa = 12.0 
3
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* 195Pt-H coupling 
* * 
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H 
The chemical shift (ppm), coupling constant J (Hz) 












Jaa = 12.5 
3
Jae = 2.5 
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Jaa = 12.0 
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Jaa = 12.5 
3
Jae = 2.5 
2







Jaa = 12.5 
3
Jae = 2.5 
2


































- - - - 
8 - - - - - - 
9 8.05 (1H,s) 8.07 (1H,s) - - - - 
10 - - 7.71 (1H,d); J = 7.5 
7.71 (1H,d);  
J = 7.0 
7.56 (2H,d); 
 Jortho = 7.5 
7.56 (2H,d);  












Jortho = 9.0 
6.76 (2H,d) 
Jortho = 8.5 
12 
8.19 (2H,d) 
Jortho = 9.0 
8.19 
(2H,d) 
Jortho = 9.0 
7.36 (2H,t-d) 
Jortho = 7.5;  
Jmeta = 1.0 
7.36 (3H,m) - - 
13 - - 7.81 (1H,d), J = 7.0 
7.81 (1H,d),  
J = 7.0 
6.76 (2H,d),  
J = 9.0 
6.76 (2H,d),  
J = 8.5 
14 
8.19 (2H,d) 
Jortho = 9.0 
8.19 (2H,d) 
Jortho = 9.0 
- - 
7.56 (2H,d) 
Jortho = 7.5 
7.56 (2H,d) 






- - 2.20 (3H,s) 2.20 (3H,s) 
16 - - 7.85 (1H,d); J = 7.5 
7.86 (1H,d);  
J = 8.0 
- - 
17 - - 
7.42 (1H,t-d) 
Jortho = 7.5;  
Jmeta = 1.0 
7.42 (1H,t) 
Jortho = 7.5 
- - 
18 - - 
7.36 (2H,t-d) 
Jortho = 7.5;  
Jmeta = 1.0 
7.36 (3H,m) - - 
19 - - 8.64 (1H,d); J = 7.5 
8.63 (1H,d);  
J = 7.5 
- - 
20 - - - - - - 








We have synthesized three N(4)-substituted 
thiosemicarbazones, namely HL1, HL2, and HL3, 
and three trans-bis-(N(4)-substituted 
thiosemicarbazone)platinum(II) complexes. The C2h 
symmetric point group of trans-Pt(L2)2 was 
evaluated by IR spectrum, whereas others were 
asymmetric due to their distorted square planar 
structures. The coordination mode of the ligand with
the metallic action in solution incorporated 3 steps: 
enolization of thioketone to thiol form (RSH), 
deprotonation of RSH, and complexation by 
chelating through azomethine nitrogen and thiomide 
sulfur. The configuration of E-HL1 and Z-HL3 as 
well as fixed-chair conformation of 4-methyl-
piperdine moiety whose methyl group was at 
equatorial position remained unchanged in both the 
free ligands and desired complexes. 
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